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(54 1 X ray tube anode and tube having same. 

An X-ray :ube anone \'3S a thin .nneta film 'Vsl 
iave;. e.g. W, for proaucmg hara X-rays. A diamond 
s-?rcnd layer supoo^ls ire - -st \ay<3:-, conducts heat 
av ay '":m 't. arid transmits X-rays "'he layo'S us.- 
ail/ i'a-.'o a iTiax'mum vi cknoss of abcu! Tnc st'O: - 
r.nn cij-- tan ** inr.icont •r'lertr.-n^ An Xvay 
i:a^ <i-Arr an rin 'do <ind a 'M":at s-fiK in c-jntact w :h 
lav: '5. "h: sm- oan -^a.'^ a ::oam dir^" anr: n 
t'ansmissicn moae X-'ay wmcow A normal node X- 

^ l av window is r the tube en . eh re near :he a-^ode. 
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X-RAY TUBE ANODE AND TUBE HAVING SAME BACKGROUND OF THE INVENTION 



The present invention relates to X-ray tube 
anoces. anc more particularly, to such anodes that 
3fficii:;ntiy proauce a high output hard X-ray flu:' 
v.'lhcut suffering thermal damage. 

X-ray imaging perfcrrnance ;s limited in two 
fundamental ways uy the propeities of pr:or art X- 
ray t:.jbe ancdes. F.rst, the total X-^ay flux output is 
lirr.ittd by the ab.lity of the anode to dissipate heat 
and thu5 the image signal to raise ratio or contrast 
may net be as h:gli as desired. Seccnc, *hc spec- 
trum of the emittec X-tays contains too few of hig|- 
energy (hate) X-ray photons, whicti are required fo' 
imag ng thick or very dense objects. The first 
problem is due to the fact that a large fraction 
(typically ov.^r 99%; of the energy in the election 
beam in a conventional X-iay tut^e is convertee tc- 
heat, and only a small fraction is convertoc to X- 
rays. This piesents a particularly acute problem in 
microfocus X-ray tubes, which simulate a point 
soi^rce cf >-rays rto provide a sharp image) by 
focusing [hew electron beam on a very small aiea 
of the anode Thus, ti^e iieated area of the anode is 
essentially cnly in the verv small area. and. there- 
for?, a better means of cooling the operating sur- 
face of the anode is required if greater X-ray flu>es 
are to he obtained The second problem is caused 
by the dominant mechanism for converting the 
energy of an electron beam to X-rays, which is 
scattering of electrons b/ the fiuclei o' atoms in the 
anode of a X-ray tube. A broad "bremsstrahlung" 
spE'Ctrum results. Electrons whicr- scatter hard in a 
singls ccll;Sion give up their energy to p-'oduce a 
single, very energetic X-ray photcn. Electrons 
which e-cattcr more gently off several atoms pro- 
duce numerous softer X-ra/s. 

It is tiierefore an cbject o*' the present invention 
tc pfovce an anoce 'ci an X-iav sou'cc that can 
C'f' Ci ::n*ly p-ovae. a -'arc X-ray *-l;:< v/ithout suffe'- 
;fv;; thcimal -lamagc. 

It an( thor coi^;;Ct or ti^e pt:^;Qnt indention t: 
p:ov' ":G an >.-rr:y tui.:e 'rat :jses -^ijch an anoao. 

Summary of the inventicn 

In brief, these anc other objects a^e aciiie'/e.:: 
by an X-ray tube anoO'^ 'X'mp'ising a fust moans 
f c I pi 00 u c i n g X- 1 ay s in s c on se to in ci o ont c i ec- 



second means, contacting said first means, for 

supporting said first means and conduc::ng heat 
away from saic first means. 

Brief Descnption of the Drav/ing 



Figure 1 is a cross-sectional 7;eA' o\ an X-ia/ 
tube having an anode in accoraanco nth tno inven- 
tion; and 

Figures 2fa) and 2(b) are grapiis o: hoai and X- 
ray production, respectively, as a function of anoce 
th ckness. 

Detailed Description 



The Figure shows a microfocus X-ray lubo. 
generally des.gnated 10, having ai- envelope 12, 
typically made of grounded electrically conductive 
metal with sufficient strength and th. ckness to with- 

?o stand a vacuum on the .nside thereof and ambient 
pressure on the outside thereof A high tempera- 
ture glass With a gr'ouncec conductive inienor coat- 
ing, e.g., AL can aisc he used A oroundec en- 
velope or coating is usff-d to pro\nde a return path 
for stray electrons and for safety. Disposed at a 
first end 14 of envelope 12 is a cathoco i6 coupled 
to an AC source 18, which typ-cally supplies two -c 
three volts at about on 2 ampere tc heat filament 
cathode i6 so that it will erriit eecirons. A DC 

•)•:) supply could also be used for source 18. It will bo 
understood that the leads connectin:: cathode 16 'io 
source 18 are insulated *rom. envelooc 12 to pre- 
\'ent a short c rcuit, as are all ctl"er ior.cs e/'vendin:i 
completely thr'ough envelope i2. Tise em'ttcd elec- 

.:•'■) tr'ons are proviaed by a DC source 20 naving its 
positive lead g'cundec and lis negative terminal 
connecleo tc one cf '.he leads c' ca'iode 16 
Source 20 tyoically prcces nbou: lOO at cbout l 
ina. Althcugi" cathocc 1G is sf'cwr^ cs z d^ectly 
iv,:aiec cathcco. an ncirectly 'isaic^: one :.cn be 
used: hcwev:;i, the el-ct.'cns ^mitlcr irorr. a ::!- 
recti y heated cathode can be mere t'ghtly 'ocused. 

The electron beam 20 emitted from cati^ode IB 
passes through an aperture 22 of a control grid 24 
dispcseo pro-::mate cathcce 16 an:: coupled to the 
negative terminal of DC source 26 having a 
nicundec positive terminal. Scuice 26 provi:;es 



:i. .^aie a:v:c: -a-.'nc a 'nct iTT:.ans fci p--:cjz\\'i 
■nvs -r- t ^r::on^•: imcent :)!ecttcns; and a 



amc'int cf i jnent ir cet-:!'"" :'e. 
30. ici' *'nri ef'"! cchtitIs ,1v 
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spot size on the anode. Although an eiectromag- 
netic focusing nneans has been shown and de- 
scribed, an electrostatic focusing means can be 
used. 

Electron beam 20 finally inripinges (is incident) 
upon a grounded electrically conducting first layer 
31a of an anode 32 (descrit>ed in detail below), 
which is disposed proximate a second end 33 of 
envelope 12. It will fc>e appreciated that cathode 16 
and the negative terminal of the source 20 can be 
grounded and the positive terminal of source 20 
can be coupled to anode 32 without being ground- 
ed. However, the grounded anode configuration, as 
shown in the drawing and described above, allows 
for easier replacement of anode 32. Anode 32 
further comprises a second layer 31b that contacts 
and supports first layer 31a and also conducts heat 
away therefrom. Second layer 31b also contacts a 
heat sink 38 that conducts heat away from layer 
31a and dissipates it. Heat sink 38 has a void 39 In 
communication with second layer 31b. 

A portion of the kinetic energy of beam 20 is 
converted into X-rays 34a and 34b at layer 31a. X- 
rays 34a exit tube 10 by way of a normal mode X- 
ray window 36a disposed in envelope 12 proximate 
layer 31a. X-rays 34b also go through second layer 
31b of anode 32 and then pass through a transmis- 
sion mode X-ray window 36b disposed in heat sink 
38 opposing second layer 31b. Windows 36 are 
typically made of Be, Al, etc. Some of the electrons 
in beam 20 do not have their kinetic energy con- 
verted to heat, light or X-ray photons. Optionally, 
these uncoverted electrons 40 are trapped in a 
beam dump 42 with the aid of a magnetic field, if 
no dump 42 is used, then they will be collected by 
window 36b and the upper intenor surface of heat 
sink 38. 

X-rays 34 are then incident upon objects (not 
shown) to be imaged. An X-ray detector (not 
shown), e.g., scintillator material coupled to a linear 
photodiode array, detects the X-rays that are trans- 
mitted through the object and provides a tjignal to 
a computer (not shown) to perform tomography. 
Instead of using a photodiode array and a com- 
puter, a fluoroscope or X-ray sensitive film can be 
used. 

In accordance with one aspect of the invention, 
first layer 31a comprises a high atomic number and 
high density material, e.g., Nb, Hf, Ta, Re, Os, Ir, 
R. Au, W, Mo, U, etc., so that a high cross-section 



iistanco 01 the electrons ..'U m lavt-f ^K. A-nu 
distance will vary with the material used in layer 
31a and the kinetic energy of electrons 20. A 
typical value for the thickness of layer 31a is be- 
tween about 1 to 15 iim Th\? !rx r*^n;< - &i ''a- 



tion of high energy (hard) X-rays, since lower en- 
ergy (soft) X-rays are produced in thicker layers by 
electrons that have been scattered and slowed 
down by their penetration of such a thick layer. 
5 Such slower electrons also produce -a greater per- 
centage of their kinetic energy as heat. Thus the 
thinness of first layer 31a results m a greater hard 
X-ray generation efficiency, and also results in the 
production of less waste heat. 

10 In accordance with another aspect of the inven- 

tion, second layer 31b is preferably made of a low 
density. low atomic number, and high thermal con- 
ductivity matenal, e.g., Be. Al. and preferably dia- 
mond, the latter either polycrystalline or mon- 

75 ocrystalline. so that heat is conducted away from 
the very small impact area of beam 20 on first 
layer 31a to heat sink 38. The low density and low 
atomic number results in layer 31b efficiently trans- 
mitting X-rays 34b- If marie of diamond. secor»d 

20 layer 31b has a typical stopping distance of 45 um 
for 100 KEV electrons. This is a typical maximum 
thickness for layer 31b in order to avoid excessive 
heat generation therein due to the kinetic energy of 
the unconverted electrons 40 passing therethrough. 

25 although greater thicknesses can be used. Second 
layer 31b. if made of diamond, can be formed on 
first layer 31a by chemical vapor deposition. Other 
matenals can be deposited by such known tech- 
niques as electroplating, sputtenng or electroless 

30 deposition. If it is not desired to use transmission 
mode X-rays 34b for imaging, then second layer 
31b need not have a low density or a low atomic 
number. In such a case, other high thermal con- 
ductivity materials, e.g.. Cu and Ag, can be added 

35 to the list of materials used for second layer 31 b. 

This anode design offers enhanced perfor- 
mance because it operates in the most favorable 
portions of the heat production and X-ray produc- 
tion as a function of the thickness of layer 31a 

40 relationships. These relationships are respectively 
illustrated in Figures 2(a) and 2(b). 

As shown in Figure 2(b), X-rays are nnost effi- 
ciently generated by a monochromic electron beam 
20 of high energy. This js the characteristic of the 

45 tube's electron beam 20 when it first contacts the 
X-ray generating anode layer 31a. As electron 
beam 20 penetrates into the material of layer 31a. 
scattering and absorption processes lower the 
average energy of beam 20 and change it from a 

50 monocncrgetic beam to a spectrum of electron 

■ f.'iv i '« j^- rMr-> \'Uf t , -I , if )T . -r , ^^.ir 

hard X-rays are generated near the lower surface 
of layer 31a. 

As shown in Figure 2(a). the loss of average 
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similar effect on heat production. At the lower sur- 
face of layer 31a. many electrons penetrate the 
anode layer 31a without scattering. As the beam 20 
goes deeper in the anode layer 31a and reaches a 
lower average energy, the probability of stopping 
and depositing all of its remaining energy in- 
creases. Thus the heat production as a function of 
the thickness of layer 31a reaches a maximum 48 
above the lower surface of the anode layer 31 a. 

This invention preferably uses anode layers 
31a which are thin compared to the average stop- 
ping distance of the electron beam in the material 
of the anode layer 31a. These thin film anodes, 
illustrated as the dotted lines 50 in Figures 2(a> and 
2(b). interact with the electron beam 20 only in the 
region where the best achievable X-ray output to 
heat production ratio is in effect. This accounts for 
the perfonnance advantage of this design. 

II wiii be appreciated that the present invention 
can also be used with a conventional (non-micro- 
focus) X-ray tube. In particular, it can be used with 
a rotating anode X-ray tube, wherein the rotating 
anode comprises a heat sink made of. e.g.. Cu. 
with bevelled edges. Anode 32 is normally dis- 
posed only on the bevelled edges. 



Claims 

1. An X-ray tube anode comprising: 

a first means for producing X-rays in re- 
sponse to incident electrons; and 

a second means, contacting said first 
means, for supporting said first means and 
conducting heat away from said first means. 

2. The X-ray tube anode of claim 1 wherein said 
first means comprises a high atomic number 
and high density first layer disposed on said 
first layer. 

3. The anode of claim 2 wherein said first layer 
comprises an element selected from the group 
consisting of Nb. Mo. Hf. Ta. W. Re. Os. Ir. R, 
Au, or U. 

4. The anode of claim 3 wherein said element 
comprises W. 

5. The anode of claim 2 wherein ^7\\c\ fir^t Inyor 
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second means comprises a high thermal con- 
ductivity second layer. 

8. The anode of claim 7 wherein said second 
layer comprises an element selected from the 
group consisting of Be, Al, Cu. Ag. or diamond, 

9. The anode of claim 8 wherein said clement 
comprises diamond. 

10. The anode of claim 9 wherein said diamond is 
monocrystalline. 

11. The anode of claim 9 wherein said diamond is 
polycp/stalline. 

12. The anode of claim 7 v/heroin said second 
layer has a .maximum thickness of about 45 
lim. 

13. The anode of claim 7 wherein said second 
layer has a maximum thickness about equal to 
the stopping distance of said incident elec- 
trons. 14. The anode of claim 7 wherein said 
second layer comprises a low atomic number 
and low density material. 

14. An X-ray tube comprising an envelope having 
first and second ends, an anodo disposed 
proximate said second end. said anode com- 
prising: 

a first means for producing X-rays in re- 
sponse to incident electrons: and 

a second means, contacting said first 
means, for supporting said first means and 
conducting heat away from said first means. 

15. The tube of claim 15 ^/vherein said tube is a 
microfocus tube comprising an electron beam 
focusing means. 

16. The tube of claim 16 wherein said focusing 
means comprises an electromagnetic focusing 
means. 

17. The tube of claim 15 further comprising a heat 
sink disposed in contact with said second 
means. 



' A^iruiK- iii .->rja first lavoi 



6. The anode of claim 2 wherein said first layer 
has a thickness between about 1 to 15 um. 



rfi.. X-iay tub*., inudi. ..i 



1H. ih*^ tr.ho rlairr^ \b where.n ,.mi iH:ai 6ii:K 
comprises a transmission mode X-ray window 
disposed opposing said second means. 

20. The tube of ^bifTi 15 -.vhei^-in z:x\ \ iiv,;lo 
fiOo a normal modo X-ray ■.v:nri.,- , jt;:;pos':.. I 
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ac.acent saic first rrears. 

21. The- tube cf claim 15 further comp-smg a 
cathode disposec proxincite saic first one. ar^d 
a control grid d sposec acjacent said cathode. 
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THICKNESS OF 31 0-^ 



Fig. 2(a) 




Fig. 2(b) 
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© /\n X-ray tube anode (32) has a thin metcil film 
first layer (31 a), e.g. W, for producing hard X-rays. A 
diamond (31 b) second layer supports the first layer, 
conducts heat away from it. and transmits X-rays 
(34a. 34b). The layers usually have a maximum 
thickness of abouX the stopping distance of incident 
electrons. An X-ray tube has such an anode and a 
heat sink (38) in contact with the layers. The sink 
can have a beam dump (42) and a transmission 
mode X-ray window (36b). A normal mode X-ray 
window (36a) is in the tut>e envelope near the anode. 
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